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Summary
Background The poor health of South Africans is known to be associated with a quadruple disease burden. In the 
second National Burden of Disease (NBD) study, we aimed to analyse cause of death data for 1997–2012 and develop 
national, population group, and provincial estimates of the levels and causes of mortality.
Method We used underlying cause of death data from death notiﬁ cations for 1997–2012 obtained from Statistics 
South Africa. These data were adjusted for completeness using indirect demographic techniques for adults and 
comparison with survey and census estimates for child mortality. A regression approach was used to estimate 
misclassiﬁ ed HIV/AIDS deaths and so-called garbage codes were proportionally redistributed by age, sex, and 
population group population group (black African, Indian or Asian descent, white [European descent], and coloured 
[of mixed ancestry according to the preceding categories]). Injury deaths were estimated from additional data sources. 
Age-standardised death rates were calculated with mid-year population estimates and the WHO age standard. 
Institute of Health Metrics and Evaluation Global Burden of Disease (IHME GBD) estimates for South Africa were 
obtained from the IHME GHDx website for comparison.
Findings All-cause age-standardised death rates increased rapidly since 1997, peaked in 2006 and then declined, driven 
by changes in HIV/AIDS. Mortality from tuberculosis, non-communicable diseases, and injuries decreased slightly. In 
2012, HIV/AIDS caused the most deaths (29·1%) followed by cerebrovascular disease (7·5%) and lower respiratory 
infections (4·9%). All-cause age-standardised death rates were 1·7 times higher in the province with the highest death 
rate compared to the province with the lowest death rate, 2·2 times higher in black Africans compared to whites, and 
1·4 times higher in males compared with females. Comparison with the IHME GBD estimates for South Africa revealed 
substantial diﬀ erences for estimated deaths from all causes, particularly HIV/AIDS and interpersonal violence.
Interpretation This study shows the reversal of HIV/AIDS, non-communicable disease, and injury mortality trends in 
South Africa during the study period. Mortality diﬀ erentials show the importance of social determinants, raise 
concerns about the quality of health services, and provide relevant information to policy makers for addressing 
inequalities. Diﬀ erences between GBD estimates for South Africa and this study emphasise the need for more careful 
calibration of global models with local data.
Funding South African Medical Research Council’s Flagships Awards Project.
Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY license.
Introduction
South Africa has poor health outcomes given its level of 
economic development.1,2 Despite being an upper-
middle-income country,3 South Africa has high mortality 
levels resulting from a unique quadruple disease burden, 
described in the ﬁ rst National Burden of Disease study in 
2000.4 The 2009 Lancet Series on Health in South Africa2,5 
ascribed the poor health status to the country’s history of 
colonialism and apartheid, which resulted in every aspect 
of life being racially segregated, exploitation of the 
working class, high poverty and unemployment, and 
extreme wealth inequalities.6
Although the beginning of democracy in 1994 led to 
eﬀ orts to build a society with racial equality, post-
apartheid macroeconomic policies have focused more on 
economic growth than on wealth inequality.2,6 The 2012 
update of the Lancet Series7 acknowledged improved 
access to water, sanitation, and electricity, and increased 
provision of social grants6 but noted the large racial 
diﬀ erentials in social determinants of health. The health 
service faces considerable challenges, including 
ineﬃ  ciencies and inequities.5,6 More than half of the 
country’s health-care ﬁ nancing, and more than 70% of 
the country’s doctors are employed in the private sector, 
serving about 20% of the population.8
The South African Government is moving towards 
national health insurance to provide accessible, quality 
health care to all.8,9 Understanding the disease burden 
nationally and subnationally is crucial to identify priorities 
and monitor changes and diﬀ erentials in health status. 
Although improvements in the quality of vital registration 
data have occurred, these data are not complete and cause 
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of death information is problematic10 with a high 
proportion of so-called garbage11 causes (causes 
considered not to be an acceptable underlying cause of 
death—eg, headache, coughing), misclassiﬁ cation of 
HIV/AIDS deaths, little information about external 
causes of non-natural deaths, non-medical certiﬁ cation of 
deaths by rural headmen, and poor content validity.12–16 In 
this, the second National Burden of Disease (NBD) study, 
we describe the trends in mortality during a 16-year 
period and estimate deaths by speciﬁ c causes and years of 
life lost to premature mortality nationally and provincially, 
after adjusting for these data inadequacies. Additionally, 
we analyse trends by apartheid-deﬁ ned population groups 
to describe diﬀ erentials in health status.
Methods
National Burden of Disease (NBD) list
The South African NBD team with local and international 
experts revised the 2000 NBD list to reﬂ ect local cause-
of-death patterns. This list diﬀ ers from the Global 
Burden of Disease (GBD) list.17 The main diﬀ erence is 
the level of aggregation of ICD-10 codes,18 resulting in 
140 causes (appendix) compared with 107 causes in the 
GBD 1992 study17 and 235 in the Institute of Health 
Metrics and Evaluation (IHME) GBD 2010 study.19 
Another diﬀ erence is the inclusion of septicaemia 
(because of the large number of deaths attributed to this 
cause), even though it is not a valid underlying cause of 
death as deﬁ ned by Lozano and colleagues.19 Causes are 
grouped into 24 categories. Although the GBD 
group reports three broad cause groups—namely, 
communicable diseases, maternal causes, perinatal 
conditions, and nutritional deﬁ ciencies; non-
communicable diseases, including cardiovascular 
diseases and cancers; and injuries, this study reports 
four broad causes—namely, HIV/AIDS and tuberculosis; 
other communicable diseases with perinatal conditions, 
maternal causes, and nutritional deﬁ ciencies; non-
communicable diseases; and injuries. HIV/AIDS and 
tuberculosis is introduced as a fourth group because of 
the size of the burden and the need to integrate 
HIV/AIDS and tuberculosis programmes. 
Data sources
The base information was the Statistics South Africa 
underlying cause of death data20 from death notiﬁ cations 
for 1997–2012 including the late registrations (ie, deaths 
from earlier years that were processed in a particular 
year). Statistics South Africa manually codes the causes 
to the 10th version of the International Classiﬁ cation of 
Diseases (ICD-10) and undertakes automated selection of 
underlying cause of death according to ICD rules.18
The data were categorised according to apartheid 
deﬁ ned (racial) population groups (black African, Indian 
or Asian descent, white [European descent], and coloured 
[of mixed ancestry according to the preceding categories]). 
After excluding stillbirths (n=211 111), deaths that 
occurred outside the country (n=7745), individuals with 
unknown (n=3484) or unspeciﬁ ed (n=6447) province 
information, and population groups other than those 
listed above (n=11 551), the remaining data (n=8 099 883) 
were cleaned and adjusted for missing information, 
under-registration, misclassiﬁ cation of HIV/AIDS 
deaths, insuﬃ  ciently reported injury deaths, and deaths 
attributed to ill-deﬁ ned causes. The data were ﬁ rst 
assessed for completeness of registration and quality.21 
Figure 1 summarises the data sources used and the data 
adjustments done to generate the number of deaths.
Completeness of reporting
Completeness of reporting of deaths in children 
younger than 5 years was estimated by comparing 
Research in context
Evidence before this study
The ﬁ rst National Burden of Disease Study for South Africa, 
conducted for the year 2000 and undertaken by researchers 
from the South African Medical Research Council, showed a 
unique quadruple burden of disease for the country. Before 
using national burden of disease methods in South Africa, 
policy makers in the country had access to cause of death 
statistics that could not be used at face value because of data 
deﬁ ciencies or country estimates on the basis of global models 
produced by WHO and IHME. To our knowledge, no other 
National Burden of Disease Studies have been undertaken for 
South Africa. 
Added value of this study
Our study has used local data to develop estimates that 
confront the data deﬁ ciencies in the vital registration data 
from Statistics South Africa and has highlighted the start of 
the reversal of several epidemics. Nonetheless, HIV/AIDS 
continues to be the main cause of mortality, and we report 
substantial mortality burden from non-communicable 
diseases, including increases in diabetes and renal disease. 
Although the burden from some forms of injuries has 
reduced, we report no change in mortality from infectious 
diseases, such as respiratory diseases, septicaemia, or 
neonatal causes.
Implications of all the available evidence
Countries should continue to improve cause of death data and 
make use of burden of disease approaches to track population 
health. Variations in mortality levels and proﬁ les reﬂ ect health 
inequalities and emphasise the need for health planning and 
resource allocation to be at subnational level. Future research 
should focus on methods that can provide subnational 
estimates including uncertainty levels. 
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uncorrected rates with rates derived from census and 
survey data, constraining the trend in completeness of 
reporting to be monotonically increasing over time.21 
Completeness was estimated for adults with death 
distribution methods22 and for adolescents by 
interpolating between the child and adult estimates. 
Provincial estimates were rebalanced to ensure that for 
each sex the sum of the deaths in the provinces, 
allowing for changes to the provincial boundaries 
during the study period, was the same as the estimate 
for the country as a whole. More detail about the 
estimation of completeness can be found in the 
technical report on the cleaning and validation of 
the data.23
Adjustments
Most HIV/AIDS deaths in South Africa have 
been misclassiﬁ ed as AIDS indicator causes (eg, 
tuberculosis) because of medical doctors’ reluctance to 
report HIV on the death certiﬁ cate or possibly because 
of not knowing the HIV status of the deceased.16 
Therefore, a new method, regressing the cause-speciﬁ c 
mortality in excess of projected non-HIV/AIDS 
mortality on antenatal HIV prevalence a number of 
years before the deaths (ie, 5 years for adults, 2 years 
for children aged 1–4 years, and 1 year for infants), was 
used to estimate and reallocate the misclassiﬁ ed HIV/
AIDS deaths.24 
The Injury Mortality Survey,25 a national survey of 
Forensic Pathology Service mortuaries, provided an 
estimate of non-natural deaths in 2009 according to an 
ICD-compatible shortlist that was mapped to the NBD 
list. Completeness of registration of injury deaths in 
the vital statistics was assessed against the survey 
estimate for that year. For all other years, a scaling 
factor was calculated by assuming that the percentage 
change in non-natural deaths and the all-cause 
completeness was the same relative to 2009. Having 
estimated the annual numbers of injury deaths, the 
2009 Injury Mortality Survey25 and the 2000/2001 
National Injury Mortality Surveillance System26 were 
used to estimate trends in the external cause proﬁ les 
according to ﬁ ve common injury categories (“homicide 
with a ﬁ rearm”, “homicide without a ﬁ rearm”, 
“suicide’”, “transport’”, and “other un intentional”) 
using with linear interpolation.23 A multinomial logistic 
regression model was applied to the 2009 Injury 
Mortality Survey data by age, sex, province, and 
population group, to smooth out sampling ﬂ uctuations 
in the cause fractions. The 2000/2001 National Injury 
Mortality Surveillance System data was apportioned by 
province and population group based on the 2009 
Injury Mortality Survey data after adjusting for 
demographic changes. Further breakdown of injury 
categories was done with the 2009 proﬁ le.23
Garbage causes of death were proportionally re-
distributed by age, sex, and population group to 
speciﬁ ed causes.23 Trends in age-standardised death 
rates for the country’s nine provinces and four 
population groups were calculated using mid-year 
population estimates generated by Dorrington27 and the 
2001 WHO age standard.28 Population group analysis 
was not done for years before 2000 because of limited 
reporting in this period.
Comparison with GBD data
Finally, we compared our ﬁ ndings with those generated 
by the GBD 2013 study for South Africa.29 GBD data were 
obtained from the IHME GHDx website. 
Injury Mortality Survey 2009Statistics South Africa deaths 
database
Compare with Statistics South 
Africa data and apply polynomial 
smoothing by age, sex, and 
province for ratio
Generate scaling factors allowing
for provincial boundary change
Multinomial modelling of the 
ﬁve major injury causes by age, 
sex, province, and population 
group
Based on Injury Mortality Survey 
data, adjust National Injury 
Mortality Surveillance System 
2000 proﬁle to reﬂect population 
structure in 2000
Linear regression to estimate 
cause proﬁles between National 
Injury Mortality Surveillance 
System 2000 and Injury Mortality 
Survey 2009
Estimate overall proﬁle for other 
unintentional injuries by age and 
sex
Apply derived injury proportions
Data cleaning
Proportionally redistributed data 
with unknown age, sex, and 
population group*
Adjust overall completeness
Adjust national completeness 
for black Africans
Apply injury 
completeness
Reallocation of misclassiﬁed 
HIV/AIDS
• Identify source causes with misclassiﬁed AIDS deaths
• Model increase of age speciﬁc mortality 1997–2003 against lagged HIV ANC 
prevalence (5 years for adults, 1 year for infants, and 2 years for children aged 
1–4 years) to estimate mortality level without HIV/AIDS
• Estimate non-HIV/AIDS trends from mortality rates in the 75–84 year age group
Redistribute ill-deﬁned naturals 
and garbage
Adjusted deaths
Figure 1: Schematic of sources and adjustments for cause of death data
*40 884 deaths with missing data for age and 25 854 with missing data for sex for 1997–2012 and 1 691 793 with 
missing data for population group for 2000–2012.
For IHME GHDx website see 
http://vizhub.healthdata.org/
gbd-compare
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Ethics approval was not required for secondary 
analysis of Statistics South Africa data or aggregate 
data from the National Injury Mortality Surveillance 
System; primary data analysis of Injury Mortality 
Survey data was approved by the South African 
Medical Research Council’s ethics committee 
(EC005-5/2011).
Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. VP-vW, DB, WM, RL, and TG had access to 
the database used to derive the estimates. The 
corresponding author had ﬁ nal responsibility to submit 
the manuscript for publication.
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Figure 2: Number of deaths and age-standardised death rates by broad cause group for South Africa, 1997–2012
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Figure 3: Number of deaths by broad cause group and age group for South Africa, 1997, 2000, 2005, and 2012
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Results
We estimated that total deaths rose from 416 209 in 1997, 
peaked at 677 078 in 2006, and declined to 528 946 in 2012. 
In 2012, 43·4% of the deaths were attributed to non-
communicable diseases, 33·6% to HIV/AIDS and 
tuberculosis, 13·5% to other communicable diseases, 
perinatal conditions, maternal causes, and nutritional 
deﬁ ciencies, and 9·6% to injuries. The all-cause 
 Figure 4: Top ten causes of death, years of life lost and age-standardised death rates by persons and sex for South Africa, 1997 and 2012
Data are n (%), unless otherwise speciﬁ ed. COPD=chronic obstructive pulmonary disease. *Percentage change in age-standardised death rate for speciﬁ c cause=([age-standardised death rate for 
speciﬁ c cause in 1997–age-standardised death rate for speciﬁ c cause in 2012]/age-standardised death rate in 1997 × 100) × –1. †Percentages of deaths and years of life lost in males and females are 
calculated with total male deaths and total female deaths as the denominators, respectively. ‡Age-standardised death rate from diabetes in males in 1997 was 35·9 per 100 000 population. 
§Age- standardised death rate from renal disease in males in 1997 was 27·3 per 100 000 population. ¶Age-standardised death rate from renal disease in females in 1997 was 20·9 per 
100 000 population. Slight discrepancies in the estimated numbers and proportions can be observed as a result of rounding. For example, the total of the male and female estimates compared 
with the person estimates might diﬀ er.
Deaths (%) Years of life lost (%) Age-
standardised
death rates
(per 100 000)
1997 leading causes of death
1 HIV/AIDS
2 Cerebrovascular disease
3 Interpersonal violence
4 Tuberculosis
5 Ischaemic heart disease
6 Lower respiratory infections
7 Diarrhoeal diseases
8 Hypertensive heart disease
9 Road injuries
10 Diabetes
Top 10 causes
Total
60 336 (14·5%)
31 472 (7·6%)
30 569 (7·3%)
26 344 (6·3%)
23 813 (5·7%)
21 908 (5·3%)
18 737 (4·5%)
15 771 (3·8%)
15 159 (3·6%)
11 321 (2·7%)
255 430 (61·4%)
416 209 (100·0%)
1 539 958 (18·8%)
410 876 (5·0%)
763 455 (9·3%)
513 762 (6·3%)
298 058 (3·6%)
430 368 (5·2%)
463 227 (5·6%)
188 653 (2·3%)
368 912 (4·5%)
166 014 (2·0%)
5 143 283 (62·7%)
8 203 564 (100·0%)
Deaths (%) Years of life lost (%) Age-
standardised
death rates
(per 100 000)
2012 leading causes of death
1 HIV/AIDS
2 Cerebrovascular disease
3 Lower respiratory infections
4 Ischaemic heart disease
5 Tuberculosis
6 Diabetes
7 Hypertensive heart disease
8 Interpersonal violence
9 Road injuries
10 Diarrhoeal diseases
Top 10 causes
Total
153 661 (29·1%)
39 830 (7·5%)
25 977 (4·9%)
24 969 (4·7%)
23 817 (4·5%)
18 894 (3·6%)
18 755 (3·5%)
18 741 (3·5%)
17 597 (3·3%)
16 349 (3·1%)
358 590 (67·8%)
528 947 (100·0%)
3 576 809 (35·7%)
476 955 (4·8%)
464 304 (4·6%)
306 181 (3·1%)
461 024 (4·6%)
255 509 (2·5%)
209 219 (2·1%)
460 180 (4·6%)
422 715 (4·2%)
369 289 (3·7%)
7 002 185 (69·8%)
10 032 887 (100·0%)
319
110
61
69
55
51
53
35
35
34
823
1232
145
111
74
80
85
62
44
57
38
40
734
1215
120·1%
–0·8%
–0·5%
–19·0%
–31·0%
29·3%
–6·7%
–52·0%
–8·9%
–22·7%
1·4%
Change in 
age-
standardised 
death rates*
(%) 
1 HIV/AIDS
2 Interpersonal violence
3 Tuberculosis
4 Cerebrovascular disease
5 Ischaemic heart disease
6 Lower respiratory infections
7 Road injuries
8 Diarrhoeal diseases
9 COPD
10 Hypertensive heart disease
Top 10 causes
Total
30 150 (13·0%)
25 886 (11·2%)
17 715 (7·6%)
13 251 (5·7%)
12 990 (5·6%)
11 614 (5·0%)
10 693 (4·6%)
9328 (4·0%)
6788 (2·9%)
5726 (2·5%)
144 141 (62·2%)
231 768 (100·0%)
751 892 (16·2%)
645 418 (13·9%)
337 036 (7·2%)
180 847 (3·9%)
172 479 (3·7%)
228 990 (4·9%)
257 586 (5·5%)
235 750 (5·1%)
83 671 (1·8%)
70 534 (1·5%)
2 964 203 (63·7%)
4 652 175 (100·0%)
153
129
120
108
108
75
57
45
58
48
900
1482
1 HIV/AIDS
2 Cerebrovascular disease
3 Ischaemic heart disease
4 Lower respiratory infections
5 Hypertensive heart disease
6 Diarrhoeal diseases
7 Tuberculosis
8  Diabetes
9 Interpersonal violence
10 Road injuries
Top 10 causes
Total
30 186 (16·4%)
18 220 (9·9%)
10 823 (5·9%)
10 294 (5·6%)
10 045 (5·4%)
9409 (5·1%)
8629 (4·7%)
6783 (3·7%)
4683 (2·5%)
4466 (2·4%)
1 135 38 (61·6%)
184 441 (100·0%)
788 066 (22·2%)
230 029 (6·5%)
125 579 (3·5%)
201 378 (5·7%)
118 119 (3·3%)
227 477 (6·4%)
176 726 (5·0%)
98 566 (2·8%)
118 037 (3·3%)
111 326 (3·1%)
2 195 303 (61·8%)
3 551 390 (100·0%)
138
112
67
51
62
42
46
42
22
21
603
986
1 HIV/AIDS
2 Interpersonal violence
3 Tuberculosis
4 Cerebrovascular disease
5 Lower respiratory infections
6 Ischaemic heart disease
7 Road injuries
8 Diarrhoeal diseases
9 Diabetes‡
10 Renal disease§
Top 10 causes
Total
77 329 (28·0%)
15 854 (5·7%)
15 726 (5·7%)
15 530 (5·6%)
13 366 (4·8%)
13 249 (4·8%)
12 920 (4·7%)
7806 (2·8%)
7414 (2·7%)
6626 (2·4%)
185 820 (67·2%)
276 378 (100·0%)
1 HIV/AIDS
2 Cerebrovascular disease
3 Lower respiratory infections
4 Hypertensive heart disease
5 Ischaemic heart disease
6 Diabetes
7 Diarrhoeal diseases
8 Tuberculosis
9 Renal disease¶
10 Road injuries
Top 10 causes
Total
76 332 (30·2%)
24 299 (9·6%)
12 610 (5·0%)
12 231 (4·8%)
11 720 (4·6%)
11 479 (4·5%)
8543 (3·4%)
8091 (3·2%)
6644 (2·6%)
4676 (1·9%)
176 625 (69·9%)
252 568 (100·0%)
Persons Persons
Males† Males†
Females† Females†
1 725 376 (32·3%)
391 040 (7·3%)
302 139 (5·7%)
198 535 (3·7%)
249 322 (4·7%)
173 541 (3·2%)
309 008 (5·8%)
186 161 (3·5%)
101 849 (1·9%)
101 514 (1·9%) 
3 738 485 (69·9%)
5 345 922 (100·0%)
353
61
84
111
78
94
53
36
51
43
964
1497
130·5%
–52·4%
–29·9%
3·0%
4·2%
–12·8%
–5·5%
–21·8%
40·7%
56·8%
1·0%
1 851 433 (39·5%)
278 420 (5·9%)
214 982 (4·6%)
132 774 (2·8%)
132 640 (2·8%)
153 660 (3·3%)
183 128 (3·9%)
158 885 (3·4%)
99 574 (2·1%)
113 707 (2·4%)
3 319 203 (70·8%)
4 686 966 (100·0%)
296
108
50
55
52
52
32
33
29
18
724
1039
114·1%
–3·6%
–1·4%
–12·1%
–21·5%
22·6%
–23·4%
–28·8%
38·3%
–16·0%
5·4%
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age-standardised death rates increased from 
1215 per 100 000 population in 1997 to peak at 1670 per 
100 000 population in 2006 and declined to 1232 per 
100 000 population in 2012. Deaths from HIV/AIDS and 
tuberculosis increased rapidly between 1997 and 2006 
then declined, whereas the non-com municable disease 
deaths increased steadily and deaths from injuries 
declined slightly (ﬁ gure 2). Similar trends were observed 
for broad cause age-standardised death rates (ﬁ gure 2), 
with the exception of age-standardised death rates for non-
communicable diseases, which increased slightly until 
2003 then decreased slightly.
A substantial decrease in infant deaths particularly 
from HIV/AIDS and tuberculosis since 2005, a noticeable 
increase in HIV/AIDS and tuberculosis deaths in young 
adults up to 2005, and an increase in deaths from non-
communicable diseases at the older ages was observed 
(ﬁ gure 3). Deaths from injuries mainly aﬀ ected 
young adults.
The top ten causes of death (ﬁ gure 4) have not changed 
from 1997 to 2012, although rates and rankings have 
changed. HIV/AIDS remains the leading cause of death 
for males and females, accounting for 14·5% of deaths in 
1997 and 29·1% in 2012. The age-standardised death 
rates for HIV/AIDS increased by 120·1%. Cerebrovascular 
disease remained the second leading cause of death, 
accounting for 7·6% of deaths in 1997 and 7·5% of deaths 
in 2012 (ﬁ gure 4). Interpersonal violence moved from 
third (7·3%) in 1997 to eighth (3·5%) in 2012, with a 
52·0% decrease in age-standardised death rates during 
this time. Diabetes moved from tenth (2·7%) in 1997 to 
sixth (3·6%) in 2012, with a 29·3% increase in age-
standardised death rates. In 2012, interpersonal violence 
featured in the top ten causes of death for males but not 
for females; hypertensive heart disease featured in the 
top ten causes for females but not males. Among males, 
the age-standardised death rates for interpersonal 
violence decreased by 52·4% from 1997 to 2012 (129 vs 
61 per 100 000 population), whereas diabetes increased by 
40·7% (36 vs 51 per 100 000 population). Among females, 
the age-standardised death rates for diabetes increased 
by 22·6% (42 to 52 per 100 000 population), and renal 
disease by 38·3% (21 to 29 per 100 000 population).
HIV/AIDS contributed 18·8% of total years of life lost 
in 1997, and 35·7% in 2012. The proportion of years of 
life lost was higher in males than in females for both 
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Figure 5:  Percentage deaths by broad cause group for persons by population group for South Africa, 2000–12
Population group analysis was only performed for years 2000 onwards because of poor reporting in the years before 2000
Figure 6: Top ten causes of death, years of life lost and age-standardised 
death rates by population groups for South Africa, 2000 and 2012
Data are n (%), unless otherwise speciﬁ ed. Population group analysis was only 
performed for years 2000 onwards because of poor reporting in the years 
before 2000. *Percentage change in age-standardised death rate for speciﬁ c 
cause =([age-standardised death rate for speciﬁ c cause in 1997–age-standardised 
death rate for speciﬁ c cause in 2012]/age-standardised death rate in 
1997 × 100)  × –1. †Percentages of deaths and years of life lost in each population 
group are calculated with total deaths in that  population group as the 
denominator. ‡Age-standardised death rate from Alzheimer’s disease in whites in 
2000 was 11·9 per 100 000 population. §Age-standardised death rate from 
trachea/bronchi/lung disease in Indians in 2000 was 21·7 per 100 000 population. 
¶Age-standardised death rate from lower respiratory infections in Indians in 2000 
was 24·3 per 100 000 population. Slight discrepancies in the estimated numbers 
and proportions can be observed as a result of rounding. For example, the total of 
the population group estimates compared with the person estimates might diﬀ er. 
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Deaths (%) Years of life lost (%) Age-
standardised
death rates
(per 100 000)
2000 leading causes of death Deaths (%) Years of life lost (%) Age-
standardised
death rates
(per 100 000)
2012 leading causes of death Change in 
age-
standardised 
death rates*
(%) 
Black Africans†
Coloureds†
Whites†
Indians or Asians†
Black Africans†
Coloureds†
Whites†
Indians or Asians†
1 HIV/AIDS
2 Cerebrovascular disease
3 Interpersonal violence
4 Tuberculosis
5 Lower respiratory infections
6 Diarrhoeal diseases
7 Hypertensive heart disease
8 Road injuries
9 Ischaemic heart disease
10 Diabetes
Top 10 causes
Total
138 707 (32·8%)
29 358 (6·9%)
23 280 (5·5%)
22 132 (5·2%)
19 936 (4·7%)
17 627 (4·2%)
14 865 (3·5%)
12 795 (3·0%)
11 072 (2·6%)
9639 (2·3%)
299 411 (70·8%)
422 988 (100·0%)
3 485 859 (39·0%)
393 012 (4·4%)
583 059 (6·5%)
427 662 (4·8%)
394 467 (4·4%)
421 872 (4·7%)
186 569 (2·1%)
311 462 (3·5%)
154 004 (1·7%)
141 226 (1·6%)
6 499 192 (72·8%)
8 932 406 (100·0%)
433
141
70
90
75
55
73
41
53
46
1076
1560
1 HIV/AIDS
2 Cerebrovascular disease
3 Lower respiratory infections
4 Tuberculosis
5 Hypertensive heart disease
6 Interpersonal violence
7  Diabetes
8 Diarrhoeal diseases
9 Road injuries
10 Ischaemic heart disease
Top 10 causes
Total
145 157 (33·1%)
32 359 (7·4%)
22 877 (5·2%)
21 867 (5·0%)
16 703 (3·8%)
16 513 (3·8%)
15 873 (3·6%)
15 672 (3·6%)
14 693 (3·3%)
11 047 (2·5%)
312 762 (71·3%)
438 939 (100·0%)
3 395 636 (38·9%)
395 707 (4·5%)
430 198 (4·9%)
422 983 (4·8%)
188 225 (2·2%)
409 433 (4·7%)
216 605 (2·5%)
358 574 (4·1%)
355 378 (4·1%)
147 324 (1·7%)
6 320 065 (72·4%)
8 731 739 (100·0%)
398
134
74
71
71
39
64
43
38
44
976
1388
–8·1%
–5·2%
–0·6%
–21·3%
–2·7%
–43·6%
38·1%
–22·0%
–8·0%
–16·0%
 
–11·0%
1 HIV/AIDS
2 Cerebrovascular disease
3 Ischaemic heart disease
4 Interpersonal violence
5 Tuberculosis
6 COPD
7 Trachea/bronchi/lung cancer
8  Diabetes
9 Road injuries
10 Lower respiratory infections
Top 10 causes
Total
4080 (13·2%)
3118 (10·1%)
2782 (9·0%)
2351 (7·6%)
1525 (4·9%)
1349 (4·4%)
1179 (3·8%)
998 (3·2%)
959 (3·1%)
814 (2·6%)
19 156 (61·9%)
30 958 (100·0%)
97 222 (16·6%)
43 432 (7·4%)
39 497 (6·8%)
58 922 (10·1%)
31 293 (5·4%)
19 356 (3·3%)
18 371 (3·1%)
14 644 (2·5%)
23 586 (4·0%)
15 377 (2·6%)
361 700 (61·9%)
584 299 (100·0%)
111
155
135
58
51
64
52
48
25
33
731
1194
1 HIV/AIDS
2 Ischaemic heart disease
3 Cerebrovascular disease
4 COPD
5 Tuberculosis
6 Trachea/bronchi/lung cancer
7 Interpersonal violence
8  Diabetes
9 Road injuries
10 Lower respiratory infections
Top 10 causes
Total
5677 (15·9%)
3228 (9·0%)
3168 (8·9%)
1991 (5·6%)
1667 (4·7%)
1607 (4·5%)
1537 (4·3%)
1338 (3·7%)
1082 (3·0%)
1040 (2·9%)
22 336 (62·5%)
35 762 (100)
126 202 (19·8%)
43 912 (6·9%)
41 919 (6·6%)
28 390 (4·5%)
33 951 (5·3%)
24 835 (3·9%)
37 852 (5·9%)
18 676 (2·9%)
26 035 (4·1%)
18 750 (2·9%)
400 521 (62·9%)
636 814 (100%)
128
102
102
60
40
45
32
42
23
30
605
980
15·6%
–24·4%
–34·2%
–5·8%
–20·9%
–12·6%
–43·9%
–12·4%
–6·4%
–10·6%
 
–17·9%
1 Ischaemic heart disease
2 Cerebrovascular disease
3 COPD
4 HIV/AIDS
5 Trachea/bronchi/lung cancer
6 Road injuries
7 Lower respiratory infections
8 Colorectal cancer
9 Renal disease
10 Self–inﬂicted injuries
Top 10 causes
Total
8783 (20·6%)
3578 (8·4%)
2293 (5·4%)
1632 (3·8%)
1543 (3·6%)
1524 (3·6%)
1500 (3·5%)
1145 (2·7%)
1110 (2·6%)
1072 (2·5%)
24 180 (56·8%)
42 577 (100·0%)
92 336 (17·5%)
33 476 (6·3%)
24 291 (4·6%)
34 100 (6·5%)
19 047 (3·6%)
35 320 (6·7%)
11 372 (2·2%)
12 931 (2·4%)
10 419 (2·0%)
21 800 (4·1%)
295 092 (55·9%)
528 072 (100·0%)
141
57
37
31
25
30
23
19
18
20
400
709
1 Ischaemic heart disease
2 Cerebrovascular disease
3 COPD
4 HIV/AIDS
5 Lower respiratory infections
6 Trachea/bronchi/lung cancer
7 Road injuries
8 Renal disease
9 Colorectal cancer
10 Alzheimer's disease‡
Top 10 causes
Total
8439 (18·8%)
3537 (7·9%)
2515 (5·6%)
2152 (4·8%)
1841 (4·1%)
1828 (4·1%)
1489 (3·3%)
1404 (3·1%)
1398 (3·1%)
1152 (2·6%)
25 757 (57·4%)
44 877 (100·0%)
85 704 (16·4%)
30 351 (5·8%)
25 522 (4·9%)
40 719 (7·8%)
12 952 (2·5%)
20 656 (4·0%)
33 318 (6·4%)
12 629 (2·4%)
15 484 (3·0%)
7258 (1·4%)
284 595 (54·5%)
522 653 (100·0%)
111
45
32
38
23
24
32
18
19
14
355
631
–21·3%
–20·8%
–11·7%
21·6%
–1·9%
–4·6%
3·7%
2·7%
0·5%
16·3%
 
–11·0%
1 Ischaemic heart disease
2 Cerebrovascular disease
3 HIV/AIDS
4  Diabetes
5 Renal disease
6 Road injuries
7 Hypertensive heart disease
8 Interpersonal violence
9 COPD
10 Asthma
Top 10 causes
Total
1825 (21·7%)
845 (10·0%)
631 (7·5%)
590 (7·0%)
317 (3·8%)
289 (3·4%)
255 (3·0%)
239 (2·8%)
200 (2·4%)
193 (2·3%)
5383 (64·0%)
8411 (100·0%)
26 460 (19·0%)
10 908 (7·8%)
13 886 (10·0%)
8325 (6·0%)
4701 (3·4%)
7077 (5·1%)
3030 (2·2%)
5649 (4·1%)
2529 (1·8%)
3097 (2·2%)
85 662 (61·6%)
139 153 (100·0%)
248
135
59
84
44
25
45
20
30
25
714
1100
1 Ischaemic heart disease
2 Cerebrovascular disease
3 HIV/AIDS
4  Diabetes
5 Renal disease
6 Road injuries
7 Hypertensive heart disease
8 Trachea/bronchi/lung cancer§
9 COPD
10 Lower respiratory infections¶
Top 10 causes
Total
2255 (24·1%)
764 (8·2%)
674 (7·2%)
586 (6·3%)
543 (5·8%)
334 (3·6%)
286 (3·0%)
244 (2·6%)
228 (2·4%)
218 (2·3%)
6132 (65·5%)
9368 (100·0%)
29 241 (20·6%)
8977 (6·3%)
14 252 (10·1%)
7953 (5·6%)
7323 (5·2%)
7984 (5·6%)
3315 (2·3%)
3327 (2·3%)
2654 (1·9%)
2404 (1·7%)
87 430 (61·7%)
141 680 (100·0%)
196
70
49
50
47
24
26
20
20
22
522
789
–21·1%
–48·0%
–17·4%
–40·8%
4·8%
–3·3%
–40·9%
–9·5%
–32·1%
–11·3%
 
–28·3%
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1997 and 2012. Compared with the ranking based on the 
number of deaths, interpersonal violence, road injuries, 
tuberculosis, and diarrhoeal disease ranked higher when 
considering years of life lost, whereas ischaemic and 
hypertensive heart disease and diabetes ranked lower. 
The number of deaths and age-standardised death rates 
for 1997, 2000, 2005, 2010, and 2012 for single causes are 
reported in the appendix.
Considerable subnational mortality diﬀ erences were 
reported (ﬁ gure 5). The trend in the percentage of deaths 
due to the four broad cause groups within each popu-
lation group for 2000–12 illustrated the disproportionate 
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Figure 7: Age-standardised death rates by broad cause group and province for South Africa in 1997, 2000, 2005, and 2012
Figure 8: Ranking of years of life lost by province for South Africa, 2012
COPD=chronic obstructive pulmonary disease. Numbers in parentheses are proportions of years of life lost in each province resulting from that speciﬁ ed cause of death.
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burden of HIV/AIDS, with black Africans most 
substantially aﬀ ected. In 2012, about 80% of deaths in 
Indians or Asians and whites were attributed to non-
communicable diseases, about 61% for coloureds, and 
about 37% for black Africans.
Diﬀ erences in the leading cause of death by population 
group are shown in ﬁ gure 6. Tuberculosis and inter-
personal violence do not feature for whites, being 
replaced by cancers and other chronic diseases. Other 
population group-speciﬁ c diﬀ erences were that Indians 
or Asians and whites have renal disease in the top ten 
causes of death, while black Africans have diarrhoeal 
disease in the top ten causes of death. Diabetes was not 
in the top ten causes for whites in 2000 or 2012, but 
accounted for the largest increase (38·1%) in age-
standardised death rates for black Africans between 2000 
and 2012, a 40·8% decrease for Indians or Asians, and a 
12·4% decrease coloureds. The total deaths and age-
standardised death rates for 2000, 2005, 2010, and 2012 
for single causes of death by population group are 
reported in the appendix.
In terms of provinces, in 2012, Western Cape had 
the lowest age-standardised death rates and 
KwaZulu-Natal the highest, 1·7 times higher than that of 
Western Cape. Some provinces, Western Cape (970 vs 938 
per 100 000 population), Northern Cape (1374 vs 
1290 per 100 000 population), Mpumalanga 
(1347 vs 1329 per 100 000 population), Eastern Cape 
(1584 vs 1382 per 100 000 population), and Free State 
(1443 vs 1427 per 100 000 population) showed a decrease 
in age-standardised death rates from 1997 to 2012 
(ﬁ gure 7). All provinces showed a decrease in age-
standardised death rates since 2005.
HIV/AIDS was the leading cause of premature 
mortality in all nine provinces; however, the provinces 
have unique proﬁ les that reﬂ ect the various states of 
health transition (ﬁ gure 8). For example, cerebrovascular 
disease was the second leading cause of premature 
mortality in the KwaZulu-Natal and North West 
provinces, whereas lower respiratory infections were 
second for the Free State and Limpopo provinces. The 
total deaths and age-standardised death rates for 2000, 
Figure 9: Comparison of South Africa NBD and GBD South Africa top ten causes of death
Data are n (%), unless otherwise speciﬁ ed. Percentages of deaths are calculated with total deaths in that population as the denominator. COPD=chronic obstructive 
pulmonary disease. GBD=Global Burden of Disease. NBD=National Burden of disease. *Data from the GBD study 2013.29 †Percentage diﬀ erence=(percentage of deaths 
according to NBD–percentage of deaths according to GBD)/percentage of deaths according to NBD × 100.‡11 919 deaths were reported as hypertensive heart disease 
in the 2013 for South Africa from the GBD 2013 study; 1·7% of total deaths. with a percentage diﬀ erence between South Africa NBD and GBD South Africa of 50%. 
§Data for 2012 for South Africa from the GBD 2013 study was not available on the Institute for Health Metrics and Evaluation website.
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2005, 2010, and 2012 for single causes of death are 
reported in the appendix for each province.
For 2010, the GBD 2013 study29 estimated substantially 
more deaths for diabetes (25·8%) and lower respiratory 
infections (20·5%) and fewer deaths for road injuries 
(40·0%), interpersonal violence (34·4%), and cerebro-
vascular disease (22·1%) than our study (ﬁ gure 9). 
Comparison of our 2012 estimates with GBD’s 2013 
estimates (2012 estimates were not available on the IHME 
website for the GBD 2013 study) showed that the GBD 
study estimated substantially more deaths for HIV/AIDS 
(39·5%), and fewer deaths for interpersonal violence 
(48·6%), hypertensive heart disease (45·7%), tuberculosis 
(28·9%), and cerebrovascular disease (25·3%).
Discussion
The second NBD study for South Africa has generated 
trends in causes of death derived from empirical 
country-speciﬁ c data. These trends show the persistence 
of the quadruple disease burden due to continued 
high levels of HIV/AIDS and tuberculosis; other 
communicable diseases, perinatal conditions, maternal 
causes, and nutritional deﬁ ciencies; non-communicable 
diseases; and injuries identiﬁ ed by the initial 2000 
study.4 This study also reveals the reversal of three 
epidemics (HIV and tuberculosis, non-communicable 
diseases, and injuries) with little change in 
communicable diseases (other than HIV and 
tuberculosis), perinatal conditions, maternal causes, and 
nutritional deﬁ ciencies, and extends and strengthens 
the emerging trends reported in the 2012 Lancet Series 
update for South Africa.7
We report a marked decline in HIV/AIDS and 
tuberculosis mortality since 2006, which can be attributed 
to the intensiﬁ ed antiretroviral treatment rollout for 
adults since 2005.30 According to the National Department 
of Health, more than 2 million people received 
antiretroviral therapy in 201231 versus an estimated 47 500 
in 2004.32 The rollout of the prevention of mother-to-child 
transmission programme since 2002 has reduced 
infections and hence deaths in infants.33
However, HIV/AIDS remains a major concern, 
accounting for almost half of all premature mortality. 
Treatment provision should be sustained and prevention 
strategies strengthened if South Africa is to move 
towards the Sustainable Development Goal (SDG) of 
ending this epidemics by 2030.34 South Africa has one of 
the highest HIV and tuberculosis incidence rates in the 
world, highlighting the major challenge that the country 
still faces.35,36
Our study also shows that there was a gradual decline 
in the death rates because of injuries and, since 2003, a 
decline in non-communicable diseases. The latter decline 
is partly associated with a decrease in tobacco-related 
conditions, such as ischaemic heart disease, chronic 
obstructive pulmonary disease (COPD), and lung cancer, 
probably because of tobacco-control eﬀ orts.37 The 
substantial burden of non-communicable diseases, 
particularly cardiovascular diseases and diabetes, COPD 
and cancers, together with the ageing and growing 
population, emphasises the need to implement the 
national non-communicable disease strategic plan.38 This 
plan focuses attention on primary prevention and the 
management of the high burden of non-communicable 
diseases and their risk factors. Recent studies point to the 
changing cardiovascular disease risk proﬁ le associated 
with antiretroviral therapy;39 therefore integrated 
management is essential.
The decline in overall injury death rates can be 
attributed largely to a decrease in deaths from 
interpersonal violence (homicide) between 1997 and 2012 
(50·0% change in age-standardised death rates). The 
decrease in ﬁ rearm homicide25 has been attributed to the 
introduction of the Fire Arms Control Act of 200040 and 
political stabilisation post-apartheid probably contributed 
to the general decrease in interpersonal violence. 
Nonetheless, these rates remain high with a heavy toll on 
young males. Intimate-partner femicide is also a 
problem.41 Multisectoral initiatives42 are needed to address 
violence and other injuries, particularly traﬃ  c accidents.
Unchanged mortality rates for communicable diseases 
(other than HIV and tuberculosis), perinatal conditions, 
maternal causes, and nutritional deﬁ ciencies reﬂ ect poor 
progress in dealing with infectious conditions, such as 
lower respiratory infections, diarrhoeal diseases, and 
septicaemia despite such deaths being preventable or 
treatable. Although gains have been made in maternal 
and child mortality,43 South Africa will probably carry an 
unﬁ nished agenda as it moves into the era of the SDGs. 
Although progress has been made in reducing the eﬀ ect 
of HIV/AIDS in children, addressing the other causes of 
death becomes important to ensure a continued decrease 
in child mortality. Modelling the eﬀ ect of interventions 
known to be eﬀ ective from 2010 onward44 showed the 
need to expand their coverage, especially exclusive breast 
feeding and handwashing. Integration of quality 
maternal and neonatal care is a key requirement to 
further reduce neonatal mortality rates. Furthermore, 
improvement in living conditions is needed to address 
child mortality across all ages.
Population group diﬀ erentials reﬂ ect the legacy of 
apartheid and the stage of health transition of the groups. 
Black Africans and coloureds are faced with the 
quadruple burden of disease while proﬁ les for Indians or 
Asians and whites are dominated by non-communicable 
diseases. The eﬀ ect of HIV/AIDS and tuberculosis has 
been greatest in black Africans, exacerbating mortality 
diﬀ erentials. In 2012, age-standardised death rates for 
black Africans were 2·2 times higher than for whites 
(1388 vs 631 per 100 000 population).
Diﬀ erent rankings and mortality burdens were 
observed for provinces. Review of socioeconomic, 
health, and demographic indicators (appendix) reveals 
that provincial rankings of all-cause mortality cannot be 
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explained by any single indicator. The low age-
standardised death rates for Limpopo are unexpected 
and diﬃ  cult to explain. The diﬀ erences highlight the 
need for subnational mortality estimates and for each 
province to identify their burden before planning 
priorities and resource allocation. The ranking of causes 
according to premature mortality (ﬁ gure 8) should go 
some way to help provinces identify priority activities 
for health promotion and disease prevention.
Our study encountered several challenges. Limited 
data resulted in us estimating the injury cause of death 
proﬁ le at two timepoints and extrapolating the trend over 
time from these. Annual variations in injury deaths have 
probably been attenuated. We noticed age misreporting 
in the deaths after 2000, suggesting that a small 
proportion of child deaths were misreported as old-age 
deaths. Unexplained changes in the number of deaths 
have been noted in the data since 2011 and these might 
account for a slightly exaggerated decline in death rates, 
especially in Free State and Eastern Cape. Uncertainty 
about our estimates has not been quantiﬁ ed in this study, 
nor have we undertaken a sensitivity analysis. For the 
study period, 18% of deaths were from under-registration, 
14% from garbage causes, and 13% were ill-deﬁ ned, with 
17% of deaths (excluding HIV/AIDS deaths misclassiﬁ ed 
as tuberculosis deaths) reallocated to HIV/AIDS 
(appendix). Imputation of population group was 
necessary for a high proportion of deaths (24%). Our 
estimates have a margin of error and future research 
should explore Bayesian regression approaches to 
quantify all forms of uncertainty for these estimates.
Collaboration between IHME GBD team and the South 
Africa NBD team on mortality estimates for South Africa 
resulted in the number of all-cause deaths by age and sex 
having a less divergent age-sex pattern for deaths than 
the initial IHME GBD estimates for 2010.45 However the 
IHME GBD 2013 study estimates a substantially higher 
number of HIV/AIDS deaths, which follows an 
unsubstantiated time trend that reached a peak in 
2010/2011.46 By contrast, our estimates peaked in 2006, 
following the strong signal from all-cause death data 
from vital registration,20,43 and is consistent with the 
THEMBISA model of the HIV epidemic and treatment 
programme in South Africa.24,47 Additionally, GBD deaths 
from injuries, hypertensive heart disease, tuberculosis, 
and diarrhoeal disease are lower than our estimates. Our 
higher estimate of cerebrovascular disease deaths arises 
from our decision to reallocate deaths where diabetes 
was reported with cerebrovascular disease and ischaemic 
heart disease as the immediate cause of death to 
cerebrovascular disease to bring it in line with 
international certiﬁ cation practices.48 The IHME GBD 
studies aim to use a consistent statistical approach to 
generate estimates for all countries. The strength of the 
GBD study also has the disadvantage that the 
multicountry modelling restricts the use of local 
information and insights. Despite extensive modelling 
work on the HIV epidemic in South Africa,47 for example, 
the constraints of the global model has not allowed for 
the incorporation of the insights from the model. 
Furthermore, trends from other countries might have 
aﬀ ected estimates for South Africa.
Lozano and colleagues suggest that “cause-speciﬁ c 
mortality is arguably one of the most fundamental metrics 
of population health”.19 Our study shows that during the 
study period a major increase in mortality from HIV/AIDS 
occurred and this trend reversed but no change was 
reported in the top ten causes of death. The quadruple 
burden of disease still prevails. Subnational variations 
reﬂ ect health inequalities, and disease proﬁ les indicate 
that population groups and provinces are at diﬀ erent 
health transition stages. Subnational estimates should 
therefore be used to guide resource allocation towards 
equity and to address local disease burdens. This study 
has shown the importance of local researchers undertaking 
a national burden of disease study with a bottom-up 
approach. However observed diﬀ erences between the 
South Africa NBD study and the IHME GBD study could 
not be resolved by IHME because of the restrictions of 
their global and regional modelling approaches.
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